Background/Objectives: Iron is essential for a number of enzymes involved in neurotransmitter synthesis. Analysis of cerebrospinal fluid in fibromyalgia syndrome (FMS) has shown a reduction in the concentration of biogenic amine metabolites, including dopamine, norepinephrine and serotonin. This study aimed to investigate the association of ferritin with FMS. Subjects/Methods: A total of 46 patients with primary FMS participated in this case-control study, and 46 healthy females who were age matched to the patients were used as the control group. Venous blood samples collected from all subjects were used to evaluate serum ferritin, vitamin B12 and folic acid levels. Results: The mean serum ferritin levels in the fibromyalgia (FM) and control groups were 27.3 ± 20.9 and 43.8 ± 30.8 ng/ml, respectively, and the difference was statistically significant (P ¼ 0.003). Binary multiple logistic regression analysis with age, body mass index, smoking status and vitamin B12, as well as folic acid and ferritin levels showed that having a serum ferritin level o50 ng/ml caused a 6.5-fold increased risk for FMS. Conclusions: Our study implicates a possible association between FM and decreased ferritin level, even for ferritin in normal ranges. We suggest that iron as a cofactor in serotonin and dopamine production may have a role in the etiology of FMS.
Introduction
Iron deficiency with or without concurrent anemia is the most widespread nutrient deficiency affecting 30% of the global population (DeMaeyer and Adiels-Tegman, 1985) . Iron is used in the generation of energy by the cytochrome oxidase enzyme system. Iron deficiency results in fatigue, poor endurance and even causes muscle pain (Gerwin, 2005) . Recently, it has been shown in a mouse model that nutritional iron deficiency leads to a reduced pain threshold, which then increases pain sensation (Dowling et al., 2009) .
Iron is essential for a number of enzymes involved in neurotransmitter synthesis (Beard et al., 1993) , including tryptophan hydroxylase (serotonin) and tyrosine hydroxylase (norepinephrine and dopamine). Iron deficiency anemia presents with multiple mood and behavioral signs that are similar to the signs of depressed individuals. Notably, the onset of most of these signs and symptoms is in initial stages, when the serum ferritin level has decreased but frank anemia has not yet occurred (Vahdat Shariatpanaahi et al., 2007) . Iron supplementation therapy can resolve many of the symptoms of depression in patients with iron deficiency anemia before any improvement in red blood cell counts or indices is achieved. This may result from the recovery of neurotransmitters and enzyme levels dependent on iron and unrelated to hemoglobin concentration (Kathlen and Escott-Stump, 2004) .
It has been shown that patients with fibromyalgia syndrome (FMS) experience pain differently from that of the general population because of dysfunctional pain processing in the central nervous system. Several mechanisms including central sensitization, blunting of inhibitory pain pathways, alterations in neurotransmitters and psychiatric comorbid conditions may be responsible for aberrant pain processing, which may result in chronic pain and associated symptoms (Abeles et al., 2007) . Reduced concentration of biogenic amine metabolites including dopamine, norepinephrine and serotonin has been shown by the analysis of cerebrospinal fluid (CSF) of FMS patients (Russell et al., 1992; Legangneux et al., 2001) .
The aim of this study was to investigate the possible association of iron reserve,that is, serum ferritin level, with FM. As iron is essential for neurotransmitter synthesis, we believed that decreased iron stores might lead to reduced production of biogenic amines, which in turn might have a role in the pathophysiology of FMS. Restless legs syndrome (RLS) is another disease, in which the dopaminergic system is involved (Gamaldo and Earley, 2006) . Iron and dopamine are also believed to be linked in producing RLS symptoms (Allen, 2004) . A previously reported association of 'low normal' ferritin levels with RLS (Allen, 2004; Mizuno et al., 2005; Gamaldo and Earley, 2006 ) also prompted us to investigate the association of 'low normal' ferritin levels with FMS.
Materials and methods
In this case-control study, 57 consecutive patients with fibromyalgia (FM) who were referred to the Department of Physical Medicine and Rehabilitation between January 2007 and September 2007 were recruited. The study was approved by the local ethics committee of the Zonguldak Karaelmas University.
The American College of Rheumatology criteria for FMS were used to establish the diagnosis of FMS (Wolfe et al., 1990) . Demographic characteristics and smoking status were collected by a self-reported questionnaire. To evaluate the clinical severity of the disease, the Fibromyalgia Impact Questionnaire (FIQ) was used. The FIQ is a self-reported instrument, which consists of 10 items (Burckhardt et al., 1991) . A high total value (maximum 100) indicates severe effects on daily activities. The questionnaire has been proved to be valid and reliable in Turkish FMS patients (Sarmer et al., 2000) .
The presence of depression was evaluated using the Beck questionnaire, which is a 21-item self-reported questionnaire assessing both the presence and the severity of depression. The scores of each item range between 0 and 3 (0 ¼ least, 3 ¼ most). The total score is the sum of all items with a maximum of 63. A score of X10 was considered as an indication for clinically significant depressive symptoms (Beck et al., 1961) . The Turkish version of the BDI (Beck Depression Inventory) has been reported to be valid and reliable by Hisli (1988) .
The RLS was diagnosed on the basis of standard clinical criteria developed by the International Restless Legs Syndrome Study Group (Allen et al., 2003) .
Venous blood samples were obtained from all participants. The samples were used to evaluate the serum ferritin (ECLIA, Roche E-170, Osaka, Japan), vitamin B12 (ECLIA, Roche E-170), folic acid levels (ECLIA, Roche E-170), complete blood count (Beckman Coulter Inc., Model Coulter LH 750 Analyzer, Bohemia, NY, USA), and C-reactive protein (immunonephelometry, Dade Behring, Marburg, Germany) and erythrocyte sedimentation rate (Westergren, Electa Lab Monitor 100, Forli, Italy).
A total of 54 healthy females among the hospital staff and some of their relatives who were age matched to the patients were used as the control group. Subjects were excluded if they were receiving iron supplements, and had a history of physical disease that was accompanied by mood disorders, such as multiple sclerosis, Parkinson's disease and/or hypothyroidism. Participants with a hemoglobin level o12 g/dl (n ¼ 1 in the FM group and n ¼ 4 in the control group) were also excluded. As ferritin is one of the acutephase reactants, patients with inflammatory disorders were excluded from the study, and subjects who had high erythrocyte sedimentation rate (420 mm per h) or Creactive protein (45 mg/l) were disqualified (n ¼ 10 in the FM group and n ¼ 4 in control group). Finally, among the 57 patients attending our outpatient clinic with the diagnosis of FMS, 46 were included, and among the 54 healthy individuals, 46 subjects were included in the study.
The 
Results
All of the 46 patients in the FM group were women with a mean age of 46.9±10.6 years and 46 healthy women age matched to the patients (47.7 ± 9.4) were used as the control group. There were no significant differences between both the groups in terms of age, body mass index, hemoglobin, serum vitamin B12 and folic acid levels (P40.05) ( Table 1 ). The prevalence rates of smoking in the FM and control groups were 21.7 and 10.9%, respectively, and the difference was not significant (Fisher's P ¼ 0.259). All subjects in the study and control groups were alcohol abstainers. There was only one participant regularly exercising in the FM group, whereas no individuals in the control group followed a regular exercising habit. None of the participants in the control group had a BDI score 410. On the other hand, 13 patients with FMS had BDI scores 410. There were no participants with RLS in the control group, whereas six patients in the FM group had RLS.
The normal range of serum ferritin levels in our laboratory was 13-150 ng/ml. The mean serum ferritin levels in the FM and control groups were 27.3 ± 20.9 and 43.8 ± 30.8 ng/ml, respectively; the difference was statistically significant (P ¼ 0.003) ( Table 1) . As RLS and depression was previously shown to be associated with iron deficiency, 13 patients who had BDI scores 410 and 6 patients who had RLS in the FM group were excluded, and the statistical analysis was repeated. The mean ferritin levels in the FM and control groups were 30.8±20.9 and 43.8±30.8 ng/ml, respectively, and the difference between patients and controls was statistically significant (P ¼ 0.035) after these patients were excluded.
For the logistic regression model, a cutoff level of 50 ng/ml was used as this level was reported to be the critical point below which clinical symptoms of RLS patients were found to be exaggerated, although ferritin levels were within normal ranges (Sun et al., 1998) . Binary multiple logistic regression analysis with age, body mass index, smoking status, as well as vitamin B12, folic acid and ferritin levels showed that having a serum ferritin level o50 ng/ml caused a 6.5-fold increased risk for FMS (Table 2) . When the statistical analysis was repeated after excluding patients with RLS and depression, having a serum ferritin level o50 ng/ml caused a 5.9-fold increased risk for FMS (P ¼ 0.011).
Among the 46 patients, the rate of those who had ferritin levels o50 ng/ml was significantly higher than that of the control group (87 versus 56.5%, P ¼ 0.001). The difference was also statistically significant when patients with RLS and depression were excluded (85.2 versus 56.5%, P ¼ 0.012).
The mean FIQ score of the FM group was 60.0 ± 10.9, and there was no significant correlation between ferritin and FIQ scores (P ¼ 0.226, rho ¼ À0.182) in the FM group.
Discussion
Iron is known to be essential for a number of enzymes involved in serotonin and dopamine synthesis (Beard et al., 1993) . Deficiency in serotonergic neuronal functioning might be related to the pathophysiology of FMS (Moldofsky and Warsh, 1978; Yunus et al., 1992; Neeck, 2002) . A dysregulation of dopaminergic neurotransmission in the pathophysiology of FMS has also been suggested (Wood et al., 2007a) . Both serotonin (Otto et al., 2008) and dopamine (Wood et al., 2007b) have been reported to have a function in pain modulation. CSF in FMS patients has been shown to have a reduction in the concentration of biogenic amine metabolites, including dopamine, norepinephrine and serotonin (Russell et al., 1992; Legangneux et al., 2001; Bazzichi et al., 2006) . We suggest that, iron as a cofactor in serotonin and dopamine production may have a role in the etiology of FMS.
Moreover, patients with FMS have been shown to have fewer serotonin transporters expressed on the cellular membrane (Bazzichi et al., 2006) . The serotonin transporter density was significantly lower in the brains of iron-deficient mice (Morse et al., 1999) . Thus, iron deficiency may contribute to the pathophysiology of FMS by leading to a decrease in serotonin transporter density.
To the best of our knowledge, our study is the first to investigate the relationship between serum ferritin level and FMS. Although the mean serum ferritin level of our patients was within normal limits, the mean ferritin level of patients with FMS was lower than that of healthy individuals. Our results showed a 5.9-fold increased risk of FMS in patients with serum ferritin levels o50 ng/ml, which suggests that a relative decrease in iron reserve might be associated with FMS. However, at present, it is not very clear whether such a relative reduction in iron stores would cause overt clinical problems. Such an association has been shown in patients with RLS, in the pathology of which dopaminergic system takes part (Gamaldo and Earley, 2006) . Two separate studies have shown that RLS severity is correlated with serum ferritin levels, even for ferritin in normal ranges (O'Keeffe et al., 1994; Sun et al., 1998) . In one of these studies, oral iron supplements were shown to decrease RLS symptoms in elderly patients who had initial serum ferritin levels o45 mg/l (O'Keeffe et al., 1994) . On the other hand, Sun et al. (1998) reported that serum ferritin levels o50 ng/ml are correlated with increased symptom severity despite the ferritin levels within normal limits. Ferritin levels decrease in the initial stage of iron deficiency, and anemia develops subsequently. In a recent study, the prevalence of FMS was found to be significantly higher in patients with iron deficiency anemia than in healthy controls (Pamuk et al., 2008) . They reported that ferritin levels of iron deficiency anemia patients with or without FMS (4.5 ± 2.9 and 3.7 ± 2.2, respectively) did not differ. In our study, patients with iron deficiency anemia were excluded because the aim of our study was to evaluate the possible association of serum ferritin levels with FM.
Vahdat Shariatpanaahi et al. investigated ferritin levels in female medical students with or without depression and excluded those who had a hemoglobin level o12 g/dl. Although the mean ferritin levels were within the normal range in both groups, they reported that students with depression had significantly lower ferritin levels than did controls and attributed the development of depressed mood to this finding, which indicated the possible role of iron in brain function. They concluded that their study implied a possible association between depression and decreased ferritin level before the occurrence of anemia (Vahdat Shariatpanaahi et al., 2007) . We have also shown an association between decreased ferritin and FMS in our patient group without anemia.
The lack of determination of ferritin levels in CSF was a limitation of our study. Identifying CSF ferritin levels might lead to a better understanding of the pathogenesis of the disease; however, this invasive procedure was not included in the study design.
In conclusion, iron as a cofactor in serotonin and dopamine production might have a role in the etiology of FMS. Prescribing iron supplementation in these patients may create a new pathway in the treatment of FMS. Further clinical trials are required to evaluate the CSF ferritin level and the effectiveness of iron supplementation in treating symptoms of FMS.
